Representation of the Glomerular Olfactory Map in the Drosophila
and lateral neuroblasts project their axons via the inner Interestingly, we also found that PN classes with similar antennocerebral tract (iACT) that passes through the axon terminal fields in the lateral horn tend to receive anterior aspect of the mushroom body calyx, where they input from neighboring glomeruli. The coupling of genetsend collaterals to synapse with dendrites of mushroom ically prespecified glomerular choice of projection neubody neurons. These PN axons eventually terminate in rons with their stereotyped axon map provides a mechathe neuropil of the lateral horn. By contrast, the axons nism to organize the segregation of different olfactory of PNs from the ventral neuroblast travel to the lateral information and potentially to hardwire the central olfachorn via the medial antennocerebral tract (mACT) that tory system in a manner which may subserve innate bypasses the mushroom body calyx altogether. Alodor-induced behaviors. Figures 3A-3H) .
We next created three-dimensional (3D) reconstructions of PN axons from 2D confocal stacks using the axon For instance, the axons of all DL1 neurons examined (n Ͼ 100) display a major dorsal branch as they enter tracing software Neurolucida in order to analyze these data quantitatively and with higher resolution (Figure the lateral horn, such that there are two distinct areas of termination ( Figure 3A) . Axons of DL3 neurons also 5A). We also traced the contours of the lateral horn area innervated by PNs using the nc82 counterstaining exhibit a major dorsal branch, but it emerges further inside the lateral horn ( Figure 3G ). In contrast, the axons (which labels all synaptic regions in the Drosophila brain) as a guide. This allowed us to compare the spatial distriof all VA1d neurons have a more restricted innervation region in the center of the lateral horn ( Figure 3B ), while bution of PN axons from different brains. Three-dimensional reconstruction revealed differences those of 1 and VM2 neurons show relatively simple patterns ( Figures 3C and 3F ). Axon patterns in the mushin PN axon projection patterns that were not apparent in 2D confocal stacks. For example, DA1 neurons from room body calyx appear much less stereotypical (Figures 3A-3H) . the lateral neuroblast appear to innervate the center of the lateral horn in 2D stacks ( Figures 4A and 4B ). HowAnalysis of the axons of PNs arising from the ventral neuroblast revealed several noteworthy features. Both ever, dorsal and lateral views of these neurons revealed that they actually innervate a strikingly small area at the lateral and ventral PNs innervate glomerulus DA1, while both anterodorsal and ventral PNs innervate glomerulus very anterior edge of the lateral horn ( Figure 5B2 ). This approach also allowed us to distinguish some PN VA1lm. In both cases, the two cell types innervating the same glomerulus have different axon branching patterns classes whose 2D projection patterns appear relatively similar. For example, VA1d and VA1lm PNs from the and spatial locations in the lateral horn, implying two We focused our further analysis on 11 classes of of dorsal and lateral views ( Figure 5B3 ) revealed that adPNs and lPNs, as we were able to obtain 13-16 highthe innervation of VA1d PNs is restricted to the anterior quality single-cell clones for each class. We took the 3D part of the lateral horn, while VA1lm PNs have a much reconstruction data from these 161 PNs and measured more widely distributed innervation area along the A-P a number of different morphological properties of the axis ( Figure 5B4 ).
axons. Operationally, these properties fall into two groups that we term branching variables and spatial variables. Branching variables are those calculated usQuantitative Analysis of Axon Branching Patterns ing only the reconstructed axon, such as the total length The qualitative differences in axon branching patterns of the axonal tree in the lateral horn or the number we have described so far are quite striking. Our observaof collateral branches in the mushroom body. Spatial tions suggest that projection neurons of different glovariables are those which indicate the location of differmerular classes have distinct overall 3D axon branching ent parts of the axon with respect to the animal's brain patterns as well as overlapping but distinct innervation and are calculated using both the reconstructed axon areas in lateral horn. To explore this hypothesis further, and the contours which define the lateral horn area. we ask the following questions: First, can the stereotypy Examples include the 3D location of the mean of the of axon branching patterns be demonstrated quantitalateral horn axon terminal endpoints. We initially calcutively? Second, is there a spatial order in the axon terminal lated measurements for 37 such variables from the neufield? Third, do different PN classes have overlapping axon terminal fields? Lastly, is there any discernable rons in our data set; this number was subsequently variables as input to the discriminant functions. (4) Finally, we compared the predicted class labels of the We applied the statistical technique known as linear discriminant analysis (LDA) to investigate whether differtest neurons with the true class labels that had earlier been set aside to calculate a prediction error rate. Steps ent classes of PN have distinct axon projection patterns. This technique takes as its input a set of data in which 1-4 were repeated 40 times to generate an average prediction error. individual PNs are described by several variables and have a class label; it produces a set of discriminant The performance of LDA on our test data is summarized in the matrix shown in Figure 6B . Along the top of functions, which are weighted combinations of the input variables that best separate the individuals into their the table are the true class labels; along the left side, the predicted class labels. The entries of the matrix assigned classes. We then used a crossvalidation procedure summarized in Figure 6A to examine whether therefore correspond to the percentage of occasions on which a test set neuron of true class X (along the the PN classes could be reliably distinguished. (1) We took the available morphological data and split it rantop) was predicted to be of class Y (along the left side). The leading diagonal thus contains the percentage of domly into a large training set and a small test set. The training set neurons retained their PN class labels; in occasions on which neurons were correctly classified. After merging the DA1 and DA1-p classes, which were the test set these labels were temporarily set aside.
(2) We used the training set neurons to train the linear largely indistinguishable (see Figure 4) , our final predic- Figures 3 and 4) . Moreover, at a gross level, all adPNs of PN retain their characteristic branching pattern and and lPNs innervate both the mushroom body and the terminal fields, the terminal fields of different glomerular lateral horn by sending collaterals to mushroom body classes exhibit considerable overlap. 
